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(54) GAS-PHASE OXIDIZATION PROCESS AND PROCESS FOR THE PREPARATION OF 
PHTHALIC ANHYDRIDE 

(57) This invention relates to the vapor-phase oxi- 
dation of hydrocarbons by passing a gaseous mixture 
comprising of a molecular oxygen-containing gas and 
hydrocarbons which may contain substrtuents to a fixed 
bed of catalyst and provides a process for vapor-phase 
oxidation to be effected by passing a gaseous mixture of 
raw materials to a fixed bed of catalyst in which the void 
ratio of the catalyst layers increases by stages in one 
step or more from upstream downward in the flow of the 
gaseous mixture of raw materials. For example, the 
process can oxidize in vapor phase such hydrocarbons 
as naphthalene, xylene, benzene, toluene, durene, 
butene, acenaphthene, anthracene, indene and their 
derivatives in high yields with high productivity Moreo- 
ver, the process can prepare phthalic anhydride in high 
yields with high productivity by the vapor-phase oxida- 
tion of naphthalene or ortho-xyiene. 
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Field of Technology 

5 [0001] This invention relates to a process for the vapor -phase oxidation of hydrocarbons such as naphthalene, xylene, 
benzene, toluene, durene, butene, anthracene, indene and their derivatives. This invention also relates to a process for 
preparing phthalic anhydride by the oxidation of naphthalene or xylene. 

Background Technology 

[0002] It is known that the catalytic vapor-phase oxidation of naphthalene, ortho-xylene, indene and the like gives 
phthalic anhydride and, likewise, the process yields maleic anhydride from benzene or butene, benzoic acid from tolu- 
ene, pyromeliitic dianhydride from durene and phthalic anhydride or anthraquinone from anthracene. 
[0003] The aforementioned process for the catalytic vapor-phase oxidation generates a large amount of heat in the 

15 reaction and a practice generally adopted for heat removal is to fill a reactor tube of relatively small diameter with a cat- 
alyst to form a fixed bed of catalyst and pass a gaseous mixture of a raw material and a molecular oxygen -containing . 
gas such as air to the catalyst bed [Japan Tokkyo Koho Nos. Sho 44-24580 (1969) and Sho 46-13255 (1971)]. 
[0004] Catalysts useful for the process normally consist of active components, indispensable members of which are 
titanium oxide and vanadium pentoxide, deposited on inert carriers. A process is also known which utilizes two kinds of 

20 catalysts differing from each other in catalytic activity. For example, the specification of EP286448 discloses the follow- 
ing process for preparing phthalic anhydride. A catalyst bed is constructed of a layer of a first catalyst made by depos- 
iting catalytically active components containing 90 to 67% by weight of titanium dioxide, 8 to 30% by weight of vanadium 
pentoxide and 2 to 5% by weight of a compound of cesium (calculated as sulfate) and showing a specific surface area 
of 20 m 2 /g or more on a nonporous inert carrier and a layer of a second catalyst made by depositing catalytically active 

25 components containing no more than 0. 1% by weight of a compound of alkali metal (calculated as sulfate), 94 to 67% 
by weight of titanium dioxide and 5 to 30% by weight of vanadium pentoxide on a nonporous inert carrier, with the first 
catalyst placed upstream and the second catalyst downstream in the flow of the gaseous mixture of raw materials. A 
gaseous mixture of naphthalene or ortho-xylene and a molecular oxygen-containing gas is then brought into contact 
with the catalyst bed to be oxidized to phthalic anhydride. 

30 [0005] This process advantageously gives the intended product such as phthalic anhydride in high yields; still there 
is a strong demand for improvement of the productivity per unit catalyst volume. 

[0006] The productivity can be increased by increasing the yield and also by increasing the flow rate of a gaseous 
mixture of a raw material and a molecular oxygen-containing gas, that is. by increasing GHSV, or by increasing the con- 
centration of raw material in the gaseous mixture. There is, however, a theoretical limit to the increasing of the yield and 

35 it is difficult to look for a significant improvement here. There is also a limit to the increasing of GHSV as it increases the 
cost of motive power to drive air blowers. On the other hand, increasing the concentration of raw material creates prob- 
lems such as readier occurrence of incomplete reaction accompanied by increased formation of by-products, execution 
of the reaction in the explosive range of raw material and generation of more heat per unit volume with easier formation 
of the so-called hot spots, but it offers an advantage of reducing the cost of equipment and utilities. 

40 [0007] It is an object of this invention to provide a process for vapor-phase oxidation which is capable of giving the 
intended product not only in high yields but also with high productivity. In case phthalic anhydride is the intended prod- 
uct, it is an object of this invention to provide a process for preparing phthalic anhydride not only in high yields but also 
with high productivity. 

45 Disclosure of the Invention 

[0008] Firstly, in executing the oxidation of hydrocarbons by passing a gaseous mixture comprising of a molecular oxy- 
gen-containing gas and hydrocarbons which may contain substituents to a f ixed bed of catalyst, this invention relates 
to a process for vapor-phase oxidation which is characterized by passing said gaseous mixture to a fixed bed of catalyst 

so which increases by stages in void ratio in one step or more from upstream downward in the flow of said gaseous mixture 
. in this case, the void ratio of a catalyst layer placed most upstream or V, and the void ratio of a catalyst layer placed 
most downstream or V 2 preferably satisfy the relationship V «, N 2 = 0.6- 0.9 . Moreover, in construction of the catalyst 
bed, a given catalyst is preferably so arranged in layers that the oxidative activity increases by stages in one step or 
more from upstream downward. 

55 [0009] Secondly, in preparing phthalic anhydride by passing a gaseous mixture comprising of a molecular oxygen- 
containing gas and naphthalene and/or ortho-xylene to a fixed bed of catalyst, this invention relates to a process for pre- 
paring phthalic anhydride which is characterized by utilizing a catalyst containing titanium dioxide and vanadium pen- 
toxide as principal catalytically active components and also by passing said gaseous mixture to a fixed bed of catalyst 
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which increases by stages in void ratioinone step or more from upstream downward in the flow of said gaseous mix- 
ture. 

[0010] Thirdly, this invention relates to a process for preparing phthalic anhydride wherein the aforementioned catalyst 
comprises a catalyst placed upstream and a catalyst placed downstream in the flow of the gaseous mixture of raw 

5 materials; the aforementioned upstream catalyst is made by depositing catalytically active components containing 75 
to 90% by weight of titanium dioxide, 10 to 20% by weight of vanadium pentoxide, 1 . 0 to 3. 5% by weight of a compound 
of cesium (calculated as sulfate) and 0.1 to 1 .8% by weight of a compound of at least one metal selected from barium, 
magnesium, yttrium, lanthanum and cerium (calculated as oxide of selected metal) and showing a specific surface area 
of 100 to 160 m 2 /g on a nonporous inert carrier while the aforementioned downstream catalyst is made by depositing 

10 catalytically active components containing less than 0. 1% by weight of a compound of alkali metal (calculated as sul- 
fate), 75 to 90% by weight of titanium dioxide, 10 to 20% by weight of vanadium pentoxide, 1 .0 to 3.0% by weight of a 
compound of phosphorus (calculated as oxide) and 0.3 to 2.0% by weight of a compound of at least one metal selected 
from tungsten, molybdenum, tin, antimony and bismuth (calculated as oxide of selected metal) and showing a specific 
surface area of 70 to 100 m 2 /g on a nonporous inert carrier. The upstream catalyst may contain two kinds or more of 

is catalysts and. if such is the case, the amount of cesium preferably decreases by stages from upstream downward within 
the aforementioned range. 

[001 1] Raw material hydrocarbons with or without substituents may be any hydrocarbons as long as they are oxidized 
in vapor phase to yield the intended and they include benzene, alkylbenzenes, naphthalene, alkyl naphthalenes, anthra- 
cene, indene, butene and alkylpyridines with or without substituents such as halogen, hydroxy! and carboxyl. 

20 [0012] The category of oxidation reaction includes ordinary oxidation in which oxygen increases, oxidative dehydro- 
genation in which hydrogen decreases and ammoxidation in which other reactions take place together with oxidation. 
Examples of the intended products are acid anhydrides such as phthalic anhydride, maleic anhydride and pyrometlitic 
dianhydride. carboxylic acids such as benzoic acid and a compound such as styrene to be obtained from ethylbenzene. 
The process of this invention is best suited for a reaction which is primarily directed for the preparation of carboxylic 

25 acids or acid anhydrides where the heat of reaction is relatively high and the reaction is carried out on a large scale. In 
particular, the process is suited for a reaction which is intended for the preparation of phthalic anhydride. The raw mate- 
rial hydrocarbon useful here is naphthalene or ortho-xylene or a mixture of the two. 

[0013] The vapor-phase oxidation of this invention is effected by passing a gaseous mixture of the aforementioned 
hydrocarbons and a molecular oxygen-containing gas such as air to a fixed bed of catalyst. The fixed bed of catalyst is 
30 exemplified by a reactor tube filled with a catalyst and af catalyst is exemplified by a reactor tube filled with a catalyst 
and a reactor tube with a diameter of 10 to 100 mm, preferably 20 to 40 mm, is desirable for heat removal. It is advan- 
tageous to use a shell-and-tube reactor in which a large number of catalyst-filled reactor tubes are arranged and sur- 
rounded by a heat transfer medium. 

[0014] The fixed bed of catalyst to be used in this invention increases by stages in void ratio in one step or more, 
35 namely in two layers or more of catalysts, preferably in two steps or more, namely in three layers of more of catalysts, 
from upstream downward in the flow of the gaseous mixture of raw materials. The void ratio here is calculated as fol- 
lows: 



wherein A is the volume in cc of a reactor tube or a measuring cylinder of the same diameter as the reactor tube filled 
with a given catalyst to a specified position or graduation and B is the volume in cc of ethanol added to the catalyst-filled 
reactor tube or measuring cylinder to the aforementioned position or graduation. 

[001 5] The void ratio of the catalyst layer can be controlled by changing the shape or size of the catalyst. For example, 
45 the void ratio can be changed widely by making the catalyst in the shape of a sphere, a cylinder or a ring. Even where 
the catalyst is shaped like a ring, a common Raschig ring gives a void ratio different from that of a Raschig ring modified 
by providing projections inside or outside of the ring and, moreover, a Raschig ring itself can be changed in void ratio 
by changing the wall thickness of the ring. Execution of a vapor-phase oxidation with higher productivity necessitates 
an increase in GHSV. Since a smaller void ratio causes a greater pressure loss, it is advisable to control the void ratio 
50 at 40% or more, preferably 50% or more. Suitable for this purpose is a ring containing cavities inside or a ring modified 
further by providing projections and partitions. 

[0016] The void ratio of catalyst layers is changed in one step or more. However, a random increase in the number of 
kind of catalyst merely complicates preparation and filling of the catalysts and it is advisable to effect the change at most 
in 2 to 3 steps, namely in 3 to 4 layers, more preferably 3 layers. The difference in void ratio between the adjacent cat- 
55 alyst layers is held at 3% or more, preferably 5 to 25%, more preferably 8 to 1 6%, and the void ratio of the catalyst layer 
placed most upstream or and that of the catalyst layer placed most downstream or V 2 are so adjusted that they sat- 
isfy the relationship V ,/V 2 = 0.6 -0.9 , preferably V 1 N 2 = 0.7 -0.8 . The difference between V 2 and Vj is held on the 
order of 5 to 30%. preferably 1 0 to 25%. 



Void ratio (V %) = [(B)/(A)]x 100 
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ed of catalytically active components deposited on carriers. The process 
of this invention can be practiced effectively by changing the void ratio alone, but it is still more desirable to change the 
catalytically active components in such a manner as to cause the oxidative activity increase toward downstream. The 
oxidative activity is related to the reaction rate and its magnitude can be judged by measuring the optimum reaction 
5 temperature. It is generally known that the activity of titanium dioxide/vanadium pentoxide -based catalysts which are 
commonly used for vapor -phase oxidation is decreased by the compounds of metals of Groups I a and II a such as 
alkali metals and alkaline earth metals and increased by many of the compounds of phosphorus and of metals of 
Groups IV to VIII such as tin. Therefore, it is possible to change the activity by adding these compounds in varying 
amounts. Furthermore, the activity changes with the specific surface area of catalyst or with the amount of vanadium 
io pentoxide and increasing the specific surface area or the amount of vanadium pentoxide helps to increase the activity. 
[0018] In case the process is intended for the preparation of phthalic anhydride, catalysts containing titanium dioxide 
and vanadium pentoxide as principal active components are used and it is desirable to change the activity by adding a 
compound of alkali metal to the upstream catalyst and compounds of phosphorus and tin to the downstream catalyst. 
[001 9] Preferably, an upstream catalyst contains 65 to 95% by weight of titanium dioxide, 4 to 30% by weight of vana- 
75 dium pentoxide and 0. 1 to 5% by weight of a compound of alkali metal (calculated as sulfate) as catalytically active 
components and a downstream catalyst contains 65 to 95% by weight of titanium dioxide, 4 to 30% by weight of vana- 
dium pentoxide and 0. 1 to 5% by weight of phosphorus (calculated as oxide) as catalytically active components. In 
case the catalysts are placed in three layers or more, the catalyst in the intermediate layer has a composition some- 
where between those of the aforementioned two. 
20 [0020] More preferably, an upstream catalyst contains 75 to 90% by weight of titanium dioxide, 10 to 20% by weight 
of vanadium pentoxide, 1.0 to 3.5% by weight of a compound of cesium (calculated as sulfate) and 0.1 to 1. 8% by 
weight of a compound of at least one metal selected from barium, magnesium, yttrium, lanthanum and cerium (calcu- 
lated as oxide of selected metal) and shows a specific surface area of 100 to 160 m2/g. Here, the catalyst is so arranged 
that the amounts of the compound of cesium and the compound of a metal selected from barium, magnesium, yttrium, 
25 lanthanum and cerium increase toward upstream and the specific surface area decreases toward upstream. Moreover, 
the catalyst desirably contains no more than 0. 1% by weight of the sum total of a compound of phosphorus and a com- 
pound of at least one metal selected from tungsten, molybdenum, tin, antimony and bismuth (calculated as oxide). 
[0021] Application of two kinds or more of catalyst layers as an upstream catalyst with staged decrease of the com- 
pound of cesium from upstream downward within the aforementioned range allows an expansion of the area in which 
30 the oxidation reaction takes place with vigorous generation of heat and also a smooth change in temperature in the 
upstream catalyst. The number of kinds of catalyst layer in the upstream catalyst may be two or three or more, but two 
or three will be preferred in view of the time required for the preparation of catalysts and so forth. 
[0022] In an upstream catalyst of this type, the catalyst layer to be placed most upstream is controlled to contain 1 .5 
to 3.5% by weight of a compound of cesium (calculated as sulfate) and 0.3 to 1 .8% by weight of a compound of at least 
35 one metal selected from barium, magnesium, yttrium, lanthanum and cerium (calculated as oxide of selected metal) 
and have a specific surface area of 100 to 140 rmVg and the catalyst layer to be placed most downstream is controlled 
to contain 1.0 to 2.0% by weight of a compound of cesium (calculated as sulfate) and 0.1 to 1.6% by weight of a com- 
pound of at least one metal selected from barium, magnesium, yttriu m, lanthanum and cerium (calculated as oxide of 
selected metal) and have a specific surface area of 120 to 160 m 2 /g. Preferably, the compound of cesium and the com- 
40 pound of at least one metal selected from barium, magnesium, yttrium, lanthanum and cerium are made to increase 
toward upstream and the specific surface area is made to decrease toward upstream. Consequently, where three kinds 
of catalyst layers are used in an upstream catalyst, the catalyst layer to be placed intermediately is controlled to show 
values intermediate between those of the most upstream and most downstream catalyst layers regarding the aforemen- 
tioned metal compounds and specific surface area. 
45 [0023] On the other hand, a downstream catalyst is preferably controlled to contain 75 to 90% by weight of titanium 
dioxide, 10 to 20% by weight of vanadium pentoxide, 1 .0 to 3.0% by weight of a compound of phosphorus (calculated 
as oxide) and 0. 1 to 1 .8% by weight of a compound of at least one metal selected from tungsten, molybdenum, tin, anti- 
mony and bismuth (calculated as oxide of selected metal) and have a specific surface area of 100 to 160 rrf/g. Prefer- 
ably, the compound of phosphorus and the compound of at least one metal selected from tungsten, molybdenum, tin, 
so antimony and bismuth are made to increase toward downstream and the specific surface area is made to increase 
toward downstream. 

[0024] A preferable downstream catalyst consists of catalytically active components deposited on a nonporous inert 
carrier, said active components containing less than 0.1% by weight of a compound of alkali metal (calculated as sul- 
fate). 75 to 90% by weight of titanium dioxide, 10 to 20% by weight of vanadium pentoxide, 1 .0 to 3.0% by weight of a 
55 compound of phosphorus and 0.3 to 2.0% by weight of compounds of one kind or more selected from tungsten, molyb- 
denum, tin. antimony and bismuth and showing a specific surface area of 70 to 100 m 2 /g. Of the aforementioned com- 
pounds ol metals, those of tungsten are preferable. Moreover, it is desirable that the downstream catalyst does not 
contain 0.1% by weight or more of the compounds of metals selected from barium, magnesium, yttrium, lanthanum and 
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cerium (calculated as oxide). 

[0025] It is allowable to apply two kinds or more of catalysts to the downstream catalyst and, in such a case, the 
amount of the compound of phosphorus and the specific surface area preferably increase toward downstream. How- 
ever, the matter is simplified by using one kind of catalyst in the downstream catalyst. 
5 [0026] A method for the preparation of a catalyst of the aforementioned kind will be described for the case of an 
upstream catalyst intended for the preparation of phthalic anhydride and other catalysts can be prepared in a similar 
manner as this method. 

[0027] The catalyst in question is prepared by dissolving vanadium pentoxide or a compound of vanadium which is 
convertible to vanadium pentoxide by heating in a molecular oxygen -containing gas, for example, ammonium vanadate 

io and sulfate, formate, acetate or tartrate of vanadium in water or in a mixture of an organic solvent such as alcohol and 
water, adding a compound of cesium and compounds of one kind or two kinds or more of metals selected from barium, 
magnesium, yttrium, lanthanum and cerium to the resulting solution, mixing the solution with finely divided particles ol 
titanium dioxide or titanium hydroxide, applying the resulting slurry to a carrier by adhesion or impregnation, and heating 
the carrier. Here, the amount of the catalytically active components is 20 to 200 g, preferably 40 to 150 g, per 11 of the 

is earner. The specific surface area of the catalytically active components is controlled, tor example, by proper selection 
of the raw material titanium dioxide. 

[0028] Suitable compounds of cesium include cesium sulfate, cesium oxide, cesium carbonate, cesium acetate and 
cesium nitrate and cesium sulfate is preferable among them. These compounds, with the exception of sulfate, change 
into oxide in a molecular oxygen-containing gas at high temperatures. Cesium is presumably present in the catalyst as 
20 cesium sulfate, cesium oxide or cesium vanadate and the preferable form is a salt of sulfur oxyacid such as cesium sul- 
fate and cesium pyrosulfate. Likewise, the same is true of the compounds of metals selected from barium, magnesium, 
yttrium, lanthanum and cerium. 

[0029] Compounds of phosphorus useful as components of downstream catalysts for the preparation of phthalic 
anhydride include ammonium phosphate, phosphoric acid, phosphorous acid and phosphate esters while useful com- 
as pounds of metals selected from tungsten, molybdenum, tin, antimony and bismuth include their salts, oxyacid salts such 
as tungstates and oxides. 

[0030] The catalytically active components are named as in the specification of this invention solely for the conven- 
ience of calculation and, as is well known, vanadium is present, for example, in the form of V0 x (x = 1 ~ 2.5) or vana- 
date and cesium in the form of cesium sulfate or cesium pyrosulfate. 
30 [0031 ] The source of titanium dioxide to be used in the preparation of the catalysts of this invention is titanium dioxide 
of anatase type and titanium dioxide hydrate. The specific surface area can be controlled by changing the conditions for 
the preparation of these compounds. 

[0032] Examples of the nonporous inert carrier are sintered or fused silicates, steatite, porcelain, alumina and silicon 
carbide. The carrier is spherical, cylindrical or annular with an equivalent diameter of 3 to 12 mm, preferably 4 to 8 mm. 

35 The height of a cylindrical or annular carrier is 3 to 10 mm, preferably 4 to 8 mm. Changing the shape or size of the 
carrier changes the void ratio as described earlier and also controls the geometric surface area of the catalyst. 
[0033] Thus, changing the shape or size of the carrier can control the geometric surface area of the catalyst and the 
void ratio of the catalyst layer. Where the carrier is annular, a variety of rings are conceivable such as Raschig rings, 
rings with partitions and projections inside and rings with projections outside. Properly selected rings can control the 

40 geometric surface area and the void ratio of the catalyst layer. 

[0034] A Raschig ring is taken as a standard in this invention and it is preferable to use an annular carrier with a larger 
geometric surface area than that of the standard and to let the void ratio of the catalyst layer decrease toward upstream. 
[0035] The volume ratio of the upstream catalyst to the downstream catalyst is 100 parts of the former to 30 to 300 
parts, preferably 60 to 1 50 parts, of the latter. In case the upstream catalyst is made up of two kinds or more of catalysts, 

45 the volume ratio inside the upstream catalyst is 1 00 parts of the one placed most upstream to 50 to 200 parts, preferably 
70 to 150 parts, of others. Catalytic oxidation is normally effected by filling a multi-tube reactor with the downstream cat- 
alyst as lower layer to a specified height and then with the upstream catalyst as upper layer and passing a gaseous mix- 
ture of naphthalene or ortho-xylene or both and a molecular oxygen-containing gas such as air through the reactor from 
the top downward. 

so [0036] The length of each catalyst layer is preferably such as to fall within the range of (m/n)x(0.5~2.0) , preferably 
(m/n)x(0.7~ 1 .5) wherein m is the total length of the catalyst layers and n is the number of the kind of catalyst. 
[0037] The oxidation reaction temperature, although varying with the type of reaction, is 300 to 400°C (as niter tem- 
perature), preferably 330 to 380°C, in the preparation of phthalic anhydride. The concentration of naphthalene or ortho- 
xyfene or both, that is, the concentration of raw material in the gaseous mixture is 30 to 160 g/m 3 -air, preferably 90 to 

55 150 g/m 3 -air, and the space velocity is 1 .000 to 8,000 hr" 1 , preferably 2,000 to 5.000 hr 1 . 

[0038] The process of this invention has a potentiality of increasing the productivity markedly and, to realize this, the 
process is preferably practiced by supplying the raw materials at a concentration in the explosive range, that is, 90 g/m 3 - 
air or more. It is important to keep the raw materials below their ignition temperature to prevent explosions. The process 
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e heat of reaction is generated and, in consequence.^ is possible to pre- 
vent local heat generation (formation of hot spots) and control with ease the temperature so that even the maximum 
temperature does not exceed the ignition temperature of naphthalene or 584 °C. 

[0039] In the process of this invention, the reaction takes place in a broad range because of a greater linear velocity 
5 of the gaseous mixture of raw materials in the upstream catalyst layer where the raw materials are present in a high 
concentration and, as a result, hot spots form with difficulty. The linear velocity decreases in the downstream catalyst 
layer and this works to diminish as much as possible the unreacted raw materials and the intermediate products. Thus, 
the intended product of vapor-phase oxidation, for example, phthalic anhydride, can be obtained in high yields with little 
by-products. 

10 

Preferred Embodiment of the Invention 



[0040] This invention will be described in detail below with reference to the accompanying examples. The notation % 
in the following examples is percent by weight unless otherwise stated. 

15 

(A) Preparation of Upstream Catalyst A 

[0041] Pulverized titanium dioxide (containing the anatase type), ammonium metavanadate, cesium sulfate and bar- 
ium acetate were mixed with water and emulsified with sufficient stirring to give a slurry. Porcelain Lessing rings, 8 mm 
20 in diameter and 6 mm in height, as carrier were preheated in a rotary furnace at 200 to 250°C and then sprayed, while 
in rotation, with the aforementioned slurry until 1 00 g of the catalytically active components was placed on 1 1 of the car- 
rier. The rings were then calcined in a stream of air at 550 °C for 6 hours to give Catalyst A. 



(B) Preparation of Intermediate-layer Catalyst B 

25 

[0042] Pulverized titanium dioxide (containing the anatase type), ammonium metavanadate, cesium sulfate and bar- 
ium acetate (or a compound of magnesium, yttrium, lanthanum or cerium) were mixed with water and emulsified with 
sufficient stirring to give a slurry. Porcelain Lessing rings, 8 mm in diameter and 6 mm in height, as carrier were pre- 
heated in a rotary furnace at 200 to 250 °C and then sprayed, while in rotation, with the aforementioned slurry until 100 
30 g of the catalytically active components was placed on 1 1 of the carrier. The rings were then calcined in a stream of air 
at 550 °C for 6 hours to give Catalyst B. 



(C) Preparation of Downstream Catalyst C 



35 [0043] Pulverized titanium dioxide (containing the anatase type), ammonium metavanadate, ammonium phosphate 
and ammonium tungstate (or a compound of molybdenum, manganese, tin, antimony or bismuth) were mixed with 
water and emulsified with sufficient stirring to give a slurry. Porcelain Lessing rings, 8 mm in diameter and 6 mm in 
height, as carrier were preheated in a rotary furnace at 200 to 250 °C and then sprayed, while in rotation, with the afore- 
mentioned slurry until 1 00 g of the catalytically active components was placed on 1 1 of the carrier. The rings were then 

40 calcined in a stream of air at 550 °C for 6 hours to give Catalyst C. 

[0044] The composition and properties of Catalysts A, B and C are shown in Tables 1 and 2. The specific surface area 
of the catalytically active components was controlled by changing the conditions for the preparation of titanium dioxide. 
The void ratio was controlled by changing the wall thickness of the Lessing rings. In Tables 1 and 2, M in MOx desig- 
nates a metal element. 

45 



Table 1 



Catalyst 


V 2 0 5 (%) 


Cs 2 S0 4 (%) 


P 2 0 5 (%) 


MOx M (%) 


Specific surface area 
(n^/g) 


Void ratio (%) 


A 


al 


17 


2.5 


0 


Ba 1.0 


120 


60 




a2 


17 


2.5 


0 


Ba 1.0 


120 


70 




a3 


20 


2.5 


0 


Ba 1.0 


115 


60 




a4 


17 


3.0 


0 


Ba 1.0 


120 


60 
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Table 1 (continued) 





Catalyst 


V 2 0 5 (%) 


Cs 2 S0 4 (%) 


P 2 0 5 (%) 


MO x M (%) 


Specific surface area 
(m 2 /g) 


Void ratio (%) 


5 


B 


b1 


17 


1.5 


0 


Bal.O 


140 


73 






b2 


17 


1.0 


0 


Ba 1.0 


140 


68 






b3 


17 


1.5 


0 


Bal.O 


140 


71 


10 




b4 


17 


1.5 


0 


Ba0.5 


140 


68 


C 


C1 


20 


0 


2.0 


W1.0 


80 


75 






c2 


20 


0 


2.0 


W1.0 


80 


70 






c3 


20 


0 


1.5 


W1.0 


80 


60 


15 




C4 


20 


0 


2.0 


Sb1.5 


80 


75 



Table 2 





Catalyst 


v 2 o 5 


Cs 2 S0< 


P 2 0 5 


M0 X 


Specific 


Void 














surface 


ratio 


25 












area 








(%) 


(%) 


(%) 


M (%) 


(roVg) 






A 


1 


14 


2.5 


0 


Ba 1. 5 


120 


60 






2 


17 


2.5 


0 


Mg 1. 0 


120 


60 


30 




3 


20 


2.5 


0 


Ba 1.0 


115 


60 






4 


17 


2.0 


0 


Ba 1.0 


120 


60 






5 


17 


3.0 


0 


Ba 1.0 


120 


60 






6 


17 


2.5 


0 


Mg 1.5 


120 


60 


35 




7 


17 


2.5 


0 


Ba 0.5 


120 


60 






8 


17 


2.0 


0 


Mg 1.0 


120 


60 






9 


17 


2.0 


0 


Y 1.0 


120 


60 


40 




10 


17 


2.0 


0 


La 1.0 


120 


60 






11 


17 


2.0 


0 


Ce 1.0 


120 


60 






12 


14 


2.5 


0 


Ba 1.5 


120 


60 






13 


17 


2.5 


0 


Mg 1.0 


120 


70 


45 




14 


17 


2.5 


0 


- 0 


120 


60 






15 


17 


4.5 


0 


Ba 1.0 


120 


60 






16 


17 


0. 5 


0 


Ba 1.0 


120 


60 






17 


17 


2.5 


0 


Ba 2. 5 


120 


60 


SO 




18 


17 


2.5 


0 


Ba 1.0 


90 


60 




B 


1 


17 


1.0 


0 


Ba 1.0 


140 


68 






2 


17 


2.0 


0 


Ba 1.0 


140 


68 






3 


17 


1.5 


0 


Ba 1.0 


140 


68 . 


55 




4 


17 


1.0 


0 


Mg 1.5 


140 


68 



\ 
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5 


17 


1 5 




Da 


0 z> 

v. 0 


1 40 


fiR 

DO 




6 


14 


2 0 


n 


Mg 


1 0 


1 40 


fiR 

DO 




7 


20 


1 5 


o 


R» 
Do 


i o 


1 40 


Aft 
DO 




8 


17 


1 5 


o 


Mcr 
Mg 


1 0 


1 40 

1 4U 


fiR 

DO 




Q 


17 




n 


v 
i 


i o 


1 40 


fiR 
DO 




10 


17 




n 


La 


i n 

1. u 


1 40 


fiR 

DO 




1 1 

i. 1 


17 


1 5 


o 






1 40 


BR 

uO 




12 


17 


1 0 


o 


Do 


i o 


1 40 


fiO 




13 


17 


1 0 


n 

\J 


Rft 

Do 


1 . V 


1 AO 


70 
1 u 




14 


17 


1 5 


A 
\j 




A 
V 


1 AO 


DO 




15 


1 7 


1 . o 


A 
U 




A 


1 OA 
1UU 


DO 


f 


1 




n 


9 0 
z. u 


W 

IT 


1 A 
1. U 


OA 

oU 


f 0 




0 

c 


9n 

Zv 


n 
U 


Z. D 




1 A 

i. u 


DA 

oU 


f 5 




O 


90 




1. 0 


w 


1 A 

1. u 


on 
oU 


75 




A 
4 


90 


A 

u 


9 A 
Z. U 




1 A 

1. u 


oU 


75 




C 

u 




u 


9 A 
Z. U 


If 


1 A 
i. U 


OA 

oU 


7o 




D 


J. o 


a 

V 


9 o 
Z. U 


on 


1 A 
1. U 


OA 

oU 


7o 




7 
f 


9^ 


a 
\j 


9 O 

Z. V 


w 
it 


1 A 
1. U 


QA 
OU 


/5 




o 
o 


90 


a 

V 


9 o 
z. u 


MO 


1 A 


OA 


/ 5 




Q 


90 


n 


9 0 

z. u 


on 


1 A 
1. U 


OA 

oU 


/5 




10 


20 


o 


2. 0 


Sb 


1. 0 


80 


7^ 




11 


20 


0 


2.0 


Bi 


1.0 


80 


75 




12 


20 


0 


2.0 


W 


1.0 


80 


60 




13 


15 


0 


2.0 


Sn 


1.0 


80 


70 




14 


20 


0 


2.0 




0 


80 


75 




15 


20 


0 


2.0 


W 


1.0 


40 


75 



Example 1 

[0045] A reactor tube with an inside diameter of 25 mm was immersed in a niter bath controlled at an optimum tem- 
perature (340 to 360°C) and filled with the catalysts shown in Table 1 in the order of Catalyst C, Catalyst B and Catalyst 
A from the bottom upward and a gaseous mixture of naphthalene or ortho-xylene and air was passed from the top of 
the reactor tube. The reaction conditions and the results are shown in Tables 3 and 4. 

Comparative Example 1 

[0046] The reaction was carried out by using the catalysts shown in Table 1 under the conditions shown in Table 4. 
The results are shown in Table 4. 

[0047] As for the terminology used in Tables 3 and 4, the terms catalyst and parenthesized length of layer respectively 
indicate the kind of catalyst used and the length of layer of each catalyst in the order of the upstream, intermediate and 
downstream catalysts. In the raw material column, N refers to naphthalene, X to ortho-xylene and N/X to a 1 :1 mixture 
of naphthalene and ortho-xylene. The amount supplied designates the amount in gram of the raw materials supplied in 
one hour to the catalyst layer and the concentration designates the amount in gram of the raw materials in 1 Nm 3 of air. 
In the yield column. PA refers to phthalic anhydride, NQ to naphthoquinone and PL to phthalide. The term "hot spot" 
means impossibility of continuation of reactions due to an excessive rise of temperature in the hot spot area. 
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Table 3 



Experi 


Catalyst 


Raw 


Amount 


Concent- 


Yield 


-ment 




material 


supplied 


ration 






(Length of 








PA NQ PL 


No. 


layer, cm) 




g/hr 




Wt% Wt?b Wt?b 


1 


al (80) 


N 


300 


140 


106. 2 tr 




-bl (80) 




320 


107 


106. 0 0. 05 




-cl(l20) 




340 


113 


106. 5 0. 06 








360 


120 


106.5 0.08 








360 


130 


106. 6 0. 12 








370 


140 


106. 5 0. 13 






X 


300 


101 


115.5 - 0.01 








340 


115 


115.3 - 0.05 








OOU 


191 

lei 


i i i - n 07 

I ID. X U. U I 








360 


130 


116.0 - 0.09 








370 


140 


115.9 - 0.10 






N/X 


300 


100 


110.5 0.02 0.01 








320 


108 


111.2 0.03 0.03 








340 


115 


111.3 0.04 0.05 








360 


121 


111.3 0.05 0.07 



TO 



15 



20 



25 



30 



35 



40 



45 



SO 



55 
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Z 


ai vou^ 


N 

M 


**oo 


1 01 

1U1 


1 05 Q 

iuo. y 


tr 




-h9 f 80^ 
DZ VOuV 




0£U 


lu ( 


1 OA 9 
1UO. C 


Oil - 

u. 1 1 




C L \ LCKJJ 




^40 


1 1 5 


1 OR 1 
IUO. 1 


010 - 

U. IU 










1 90 


1 OR ^ 
IUO. 0 


U. 1 0 








oou 


i **o 

10U 


1 OA 9 
1UD. Z 


0 15 - 

u. 10 








°»70 

Oiu 


11U 


1 0R 1 
IUO. i 


0 17 - 
U. 1 1 






v 
A 


700 

OUU 


1 00 
1UU 


1 1 £ O 
1 10. u 


- 0 05 








**40 

04U 


1 1 5 


110. 1 


- 0 07 
u. u r 








**ca 

OOU 


1 90 
1ZU 


1 1 C Q 
1 10. O 


_ 010 

U. lu 








icn 

OOU 


1 **o 

loU 


1 1 C A 
i 10. ^ 


- Oil 
u. 1 1 








^70 




1 10. O 


- 0 11 
u. 1 1 






M /Y 

JVA 


qaa 
oUU 


1 AA 

1UU 


1 1 A 1 
11U. 1 


A f\A A AI 

U. U4 U. Do 








Q9o 
oZU 


1 OQ 
lUo 


1 1A C 


A AC A AC 

U. Uo U. Uo 








04U 


1 1 C 


111 A 
ill. U 


A AO A AA 

u. uy u. uy 








qca 

OOU 


1 OA 


111 1 
111. 1 


A 1A A 1A 
U. 1U U. 1U 


Q 

o 


ai VoU; 


M 
IN 


o.aa 
Out) 


1 AO 

lUz 


1 AC A 

10b. 4 


A 1 O 

0. lo 




— K9 




99A 

OZU 


1 A7 
1U ( 


1 AC C 

lUb. 0 


A 1 C 

U. 15 




cz v izu; 




oflU 


110 


1 AC £ 
1UO. 0 


A 1 C _ 

U. Id 








qca 

ODU 


191 


1 AC 7 

lUb. / 


A 1 O _ 

U. lo 








^CA 
OOU 


1 70 
10U 


1 AC Q 

luo. y 


A 1 0 — 
U. IU 








o r u 


l*iU 


1UD. 0 


O 1 1 — 
U. 1 1 






v 
A 


qao 
oUU 


1 Ol 
1U1 


11C A 
1 10. U 


A AC 

U. Uo 








04U 


1 1 c 


11c O 
1 lo. 1 


A AO 
~ U. UO 








7ca 

OOU 


1 9 1 
iZl 


11c 1 

1 id. i 


_ A 1 A 
U. IU 








ouu 


1^0 
1 ou 


n fi 0 

1 ID. v 


0 HQ 
u. us? 








370 


141 


116. 1 


- 0. 11 






N/X 


300 


101 


110.2 


0.12 0.04 








320 


108 


110.3 


0.13 0.05 








340 


115 


111.9 


0.16 0.08 








360 


121 


111. 1 


0.17 0.10 



10 



EP 0 985 648 A1 



Table 4 





Experiment 


Catalyst 


Raw material 


Amount sup- 


Concentra- 




Yield 




5 


No. 


(Length of 




plied g/hr 


tion g/m 3 












layer: cm) 


























PAwt% 


NQwt% 


PLwt% 




4 


a2 (80) -bl 


N 


300 


101 


106.2 


0.07 




10 




(80) -d (120) 




320 


107 


106.5 


0.10 












340 


114 


106.4 


0.12 












360 


121 


106.7 


0.14 




15 








360 


130 


106.5 


0.10 










X 


300 


100 


115.3 


_ 


0.04 












115 

1 1 >J 






0 05 










360 


120 


116.1 




0.08 


20 








360 


130 


116.0 


_ 


0.10 








N/X 


300 


101 


110.5 


0.04 


0.02 










320 


107 


110.9 


0.05 


0.03 


25 








340 


115 


111.3 


0.08 


0.06 




5 


a2 (80) -b2 


N 


290 


83 


105.2 


0.08 








(80) -d (120) 




300 


87 




hot spot 




30 




(Comparative example) 












6 


a1 (80) -bl 


N 


290 


83 


104.2 


1.43 








(80) -c3 (120) 




300 


87 


103. 


3 2.71 








(Comparat 


ive example) 













35 

Example 2 



[0048] A reactor tube with an inside diameter of 25 mm was immersed in a niter bath controlled at an optimum tem- 
perature (300 to 330°C) and filled with the catalysts shown in Table 1 in the order of Catalyst C, Catalyst B and Catalyst 
40 A from the bottom upward and a gaseous mixture of acenaphthene and air was passed from the top of the reactor tube. 
The reaction conditions and the results are shown in Table 5. 



Table 5 



45 


Experiment No. 


Catalyst (Length of layer: 
mm) 


Raw material 


GHSV hr' 1 


Concentration gAn 3 


Yield wt% 




1 


a2(1000)-b1 (1000) -c4 
(800) 


ACN 


3000 


100 


118.5 


50 


2 


a3 (1000)-b2(1000) -cl 
(800) 


ACN 


3000 


100 


119.3 




3 


a4(1400)-b4(1400) 


ACN 


3000 


100 


120.5 


55 


(Notes) 

ACN = acenaphthene 

Yield = yield of phthalic anhydride 



\ 



11 




EP09S5 648A1 

Example 3 

[0049] A reactor tube with an inside diameter of 25 mm was immersed in a niter bath controlled at an optimum tem- 
perature (340 to 360°C) and filled with the catalysts shown in Table 1 in the order of Catalyst C. Catalyst B and Catalyst 
5 A from the bottom upward and a gaseous mixture of indene or indane and air was passed from the top of the reactor 
tube. The reaction conditions and the results are shown in Table 6. 



Table 6 



Experiment No. 


Catalyst (Length of layer: 


Raw materia! 


GHSV hr 1 


Concentration g/m 3 


Yield wt% 




mm) 










1 


a3(1000)-b1 (800) -d 


IDE 


2900 


120 


121.2 




(1000) 


IDA 


2900 


120 


120.5 


2 


a1 (1000)-b2 (800) -d . 


IDE 


2900 


120 


120.6 




(1000) 


IDA 


. 2900 


120 


119.8 


(Notes) 












IDE = indene 












IDA = indane 












Yield ■ yield of phthalic anhydride 











Example 4 

25 

[0050] A reactor tube with an inside diameter of 25 mm was immersed in a niter bath controlled at an optimum tem- 
perature (360 to 380°C) and filled with the catalysts shown in Table 1 in the order of Catalyst C. Catalyst B and Catalyst 
A from the bottom upward and a gaseous mixture of durene and air was passed from the top of the reactor tube. The 
reaction conditions and the results are shown in Table 7. 



Table 7 



Experiment No. 


Catalyst (Length of layer: 
mm) 


Raw material 


GHSV hr* 1 


Concentration g/m 3 


Yield wt% 


1 


a3 (1000)-b1 (800) -d 
(1000) 


DUR 


3300 


50 


105.2 


2 


a2 (1000)-b3 (800) -c4 
(1000) 


DUR 


3300 


50 


106.2 


(Notes) 
DUR « durene 

Yield = yield of phthalic anhydride 



45 Example 5 

[0051 ] A reactor tube with an inside diameter of 25 mm was immersed in a niter bath controlled at an optimum tem- 
perature (340 to 360°C) and filled with the catalysts shown in Table 2 in the order of Catalyst C, Catalyst B and Catalyst 
A from the bottom upward and a gaseous mixture of naphthalene or ortho-xylene and air was passed from the top of 
50 the reactor tube. The reaction conditions and the results are shown in Tables 8 to 10. 

[0052] In Tables 8 to 10, the terms catalyst, length of layer in parenthese s, N, X and N/X in the raw material column, 
concentration, and PA, NQ and PL in the yield column are the same as those in Tables 3 and 4 above. 
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Table 8 



Experiment 


Catalyst 


Raw material 


GHSV hr 1 


Concentration 




Yield 




No. 


(Length of 






g/m 3 










layer: mm) 
























PAwt% 


NQwt% 


PLwt% 


1 


AO /"7AA\ DO 

A2 \ rvv) -DC. 


IN 


<:yuu 


i iifi 


1AC i 

lUb. i 


n 17 

U.l / 






1 800) -C1 


X 1 


2800 


140 


115.3 


- 


0.10 




\ iCXJUJ 
















N/X 


2800 


120 


111.1 


0.10 


0.03 


2 


A4 { /UUJ -b 1 


M 
IN 


^yuu 


14U 


1fiC Q 

lUb.o 


U.t 1 






f8001 -C1 


X 


2800 


140 


114.9 


- 


0.11 




1 1500) 


















N/X 


2800 


120 


111.0 


0.15 


0.05 


3 


A4 (700) -B3 


Kl 


2900 


4 A A 


106.0 


A AO 

0.08 ! 






1 800) -Cl 


X 


2800 


140 


115.1 


- 


0.07 




/ i CAA\ 

1 1500) 














N/X 


2800 


120 


111.3 


0.12 


0.03 


4 


A4 (700) -d4 


IN 


2900 


140 


lUb.t 


A HO 

U.lo 






(8001 -C1 


X 


2800 


140 


115.0 


- 


0.11 




(1500) 












N/X 


2800 


120 


111.1 


0.08 


0.06 


5 


Ail /1AA\ DC 

A4 (700) -B5 


IN 


2900 


1 Jl A 

140 


4 AC A 

lUo.U 


A "4 A 
U.lU 






(800) -C1 


X 


2800 


140 


115.3 


* 


0.10 




oaa\ 

(1300) 
















N/X 


2800 


120 


111.0 


0.05 


0.03 


6 


Ail /7AA\ D1 

A4 (fUU) -bl 


Kl 

IM 


ooaa 


14U 


H AC O 

lUb.o 


A HA 

U.lU 






(8001 -C1 


X 


2800 


140 


115.2 


• 


0.10 




(1300) 


















N/X 


2800 


120 


111.0 


0.05 


0.03 


7 


A5 (700) -di 


Kl 

N 


2900 


140 


106.1 


0.12 






(800) -C1 


X 


2800 


140 


114.9 


- 


0.11 




(1300) 


















N/X 


2800 


120 


110.0 


0.06 


0.05 


8 


A6 (700) -Bl 


N 


2900 


140 


106.3 


0.15 






(8001 -C1 


X 


2800 


140 


115.1 


- 


0.14 




(1300) 


















N/X 


2800 


120 


110.5 


0.10 


0.08 


9 


A7 (700) -B1 


N 


2900 


140 


106.0 


0.05 






(800) -C1 


X 


2800 


140 


115.0 


- 


0.04 




(1300) 


















N/X 


2800 


120 


110.1 


0.02 


0.02 


10 


A2 (700) -B1 


N 


2900 


140 


105.9 


0.02 






(800) -C2 


X 


2800 


140 


114.7 




0.03 




(1500) 














N/X 


2800 


120 


110.1 


0.01 


0.01 


11 


A2 (700) -B1 


N 


2900 


140 


106.3 


0.22 






(800) -C3 


X 


2800 


140 


115.1 




0.13 




(1500) 












N/X 


2800 


120 


111.0 


0.16 


0.07 
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Table 9 



Experiment 


Catalyst 


Raw material 


GHSV hr" 1 


Concentration 




Yield 




No. 


(Length of 






g/nr 










layer: mm) 
























PAwt% 


NQwt% 


PLwt% 


12 


A2 (700^ -R1 


N 


2900 


140 


105.8 


0.01 






(800) -C4 


X 


2800 


140 


1 14.7 




0.02 


















N/X 


2800 


120 


110.1 


tr 


0.01 


13 


to (700^ -R1 


N 




140 


106.1 


0.12 






(800) -C5 


X 


2800 


140 


115.2 




0.05 




















N/X 


2800 


120 


111.1 


0.06 


0.03 


1A . 
I*» 


r\£. \f\j\J) Do 


N 




1 An 


10fi 0 


0.12 






(800) -C1 


X 


2800 


140 


115.2 


- 


0.06 




y 1 0\JU) 
















N/X 


2800 


120 


111.2 


0.06 


0.02 


1*5 
13 


A2 (700^ -R7 


N 




140 


105.9 


0.05 






(800) -C1 


X 


2800 


140 


114.9 


■ 


0.04 






















N/X 


2800 


120 


111.2 


0.02 


0.02 


1fi 
ID 


AO f7om -R1 






140 


106 2 


0 15 






(800) -C6 


X 


2800 


140 


115.3 


* 


0.07 




















N/X 


2800 


120 


111.2 


0.07 


0.04 


17 


A2 (700^ -R1 


N 




140 


106.3 


0.13 






(800) -C7 


X 


2800 


140 


114.8 


- 


0.07 




/i?nn\ 










N/X 


2800 


120 


110.8 


0.07 


0.03 


1ft 


A1 f700^ -R1 


N 




1 AO 


10ft 0 

1 UD.U 


0 1ft 






(800) -CI 


X 


2800 


140 


115.1 




0.12 


















N/X 


2800 


120 


111.0 


0.09 


0.07 


1Q 


A7 f7nn\ -Ri 


N 
IN 




140 


10^ Q 


0 02 






(800) -C2 


X 


2800 


140 


114.7 




0.03 
















N/X 


2800 


120 


110.1 


0.01 


0.01 


on 


AO fTftflX ,R7 


M 


9Q0O 


1 AO 


10fi ^ 


0 22 






(800) -C3 


X 


2800 


140 


1 15.1 




0.13 




fi*wn 
\ 1 ° UU J 


















N/X 


2800 


120 


111.0 


0.16 


0.07 


21 


A9 (700) -B8 


N 


2900 


140 


105.8 


0.01 






(800) -C3 


X 


2800 


140 


114.7 




0.02 




(1500) 
















N/X 


2800 


120 


110.1 


tr 


0.01 


22 


A1 0(700) -B9 


N 


2900 


140 


106.1 


0.12 






(800) -C3 


X 


2800 


140 


115.2 




0.05 




(1500) 
















N/X 


2800 


120 


111.1 


0.06 


0.03 



\ 
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Table 10 



Experiment 


Catalyst 


Raw material 


GHSV hr* 1 


Concentration 




Yield 




No. 


(Length of 






g/m 3 










layer: mm) 
























PAwt% 


NQ wt% 


PLwt% 


oo 

do 


ah /7nn\ 


M 

IN 


oann 

^yUU 


1 AO 


infi n 


n 19 

U. sc. 






B1 0(800) -C8 


X 


2800 


140 


115.2 


- 


0.06 


















N/X 


2800 


120 


111.2 


0.06 


0.02 


i 


fKd \ /UUj -b 1 l 


M 
IN 


^yuu 


1 Aft 
14U 


1ft£ Q 


ft ft^ 






(800) -C9 


X 


2800 


140 


114.9 


- 


0.04 




M ^ftft\ 


















N/X 


2800 


120 


111.2 


0.02 


0.02 


25 


A2 ( AJU) -Dl 


IN 


OAAA 

^yuu 


1 Aft 
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Comparative Example 2 



[0053] The reaction was carried out by using the catalysts shown in Table 2 under the conditions shown in Table 1 1 . 
The results are shown in Table 1 1 . 
5 [0054] In Table 1 1 . the terms catalyst, length of layer in parentheses, N, X and N/X in the raw material column, con- 
centration, and PA, NQ and PL in the yield column are the same as those in Tables 3 and 4 above. 



Table 11 
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P v-rvorimont 

No. 


Catalvst 
(Length of 
layer: mm) 


Raw material 


GHSV hr" 1 


Concentration 
g/m 3 




Yield 
















PA wt% 


NQ wt% 


PL wt% 


IS 


34 


A14(700) -B1 


N 


2900 


120 


102.0 










(800) -C1 
(1300) 


X 

N/X 


2900 
2900 


140 
120 


108.1 
107.4 


- 


- 




35 


A15(700) -B1 


N 


2900 


120 


104.0 


2.31 


- 


20 




(800) -C1 
(1300) 


X 


2900 


120 


107.2 




1.2 




36 


A16(700) -B1 


N 


2900 


120 


104.3 


- 


- 


25 




(800) -C1 
(1300) 


X 


2900 


120 


109.2 




* 




37 


A17(700) -B1 


N 
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104.2 


1.53 


- 






(800) -C1 
(1300) 


X 


2900 


120 


108.5 




1.0 


30 


38 


A18 (700) -B1 


N 


2900 


120 


104.3 


1.35 


- 




(800) -C1 
(1300) 


X 


2900 


120 


109.5 




0.8 




39 


A1 (700) -B14 


N 


2900 


120 


104.0 






35 




(800) -C1 
(1300) 


X 


2900 


120 


109.3 








40 


A1 (700) -B15 


N 


2900 


120 


103.8 


2.53 








(800) -C1 
(1300) 


X 


2900 


120 


107.3 




1.64 


40 


41 


A1 (700) -B1 


N 


2900 


120 


104.8 


1.41 








(800) -C14 
(1300) 


X 


2900 


120 


108.5 




1.32 




42 


A1 (700) -B1 


N 


2900 


120 


103.5 


2.33 




45 




(800) -C15 
(1300) 


X 


2900 


120 


106.5 




1.85 



Industrial Applicability 

so [0055] According to this invention, hydrocarbons such as naphthalene, xylen e, benzene, toluene, durene, butene, 
acenaphthene, anthracene, indene and their derivatives can be oxidized in vapor phase in high yields with high produc- 
tivity. Moreover, naphthalene or xylene can be oxidized in vapor phase to phthalic anhydride in high yields with high pro- 
ductivity. 

55 Claims 

1 . A process for vapor-phase oxidation of hydrocarbons which may contain substituents by passing a gaseous mix- 
ture comprising of a molecular oxygen-containing gas and said hydrocarbons to a fixed bed of catalyst layers which 



\ 
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comprises passing said gaseous mixture to a fixed bed of catalyst layers wherein the void ratio of the catalyst layers 
increases by stages in one step or more from upstream downward in the flow of said gaseous mixture. 

2. A process for vapor -phase oxidation as described in claim 1 wherein the void ratio of the most upstream catalyst 
5 layer and the void ratio V 2 of the most downstream catalyst layer satisfy the relationship V , /V 2 = 0.6 - 0.9 . 

3. A process for vapor-phase oxidation as described in claim 1 or 2 wherein the oxidative activity of the catalysts con- 
stituting the catalyst layers increases by stages in one step or more from upstream downward. 

jo 4. A process for vapor -phase oxidation as described in any one of claims 1 to 3 wherein said hydrocarbons are naph- 
thalene and/or ortho-xyiene and the oxidation reaction product is phthaiic anhydride. 

5. A process fa preparing phthaiic anhydride by passing a gaseous mixture comprising of a molecular oxygen-con- 
taining gas and naphthalene and/or ortho-xylene to a fixed bed of catalyst layers which comprises using catalysts 

75 containing titanium dioxide and vanadium pentoxide as catalytically active components and passing said gaseous 
mixture to a fixed bed of catalyst layers wherein the void ratio of the catalyst layers increases by stages in one step 
or more from upstream downward in the flow of said gaseous mixture. 

6. A process for preparing phthaiic anhydride as described in claim 5 wherein the oxidative activity of the catalysts 
20 constituting the catalyst layers increases by stages in one step or more from upstream downward. 

7. A process for preparing phthaiic anhydride as described in claim 5 or 6 wherein a gaseous mixture comprising of 
naphthalene anchor ortho-xylene and a molecular oxygen-containing gas is oxidized by contact with a layer of 
upstream catalyst comprising a catalyst placed upstream in the flow of said gaseous mixture and a layer of down- 

25 stream catalyst comprising a catalyst placed downstream in the flow of said gaseous mixture, said upstream cata- 
lyst being made by depositing catalytically active components containing 75 to 90% by weight of titanium dioxide, 
10 to 20% by weight of vanadium pentoxide, 1 .0 to 3.5% by weight of a compound of cesium (calculated as sulfate) 
and 0.1 to 1 . % by weight of a compound of at least one metal selected from barium, magnesium, yttrium, lantha- 
num and cerium (calculated as oxide of selected metal) and showing a specific surface area of 100 to 160 m 2 /g on 

30 a nonporous inert carrier and said downstream catalyst being made by depositing catalytically active components 
containing less than 0.1% by weight of a compound of alkali metal (calculated as sulfate), 75 to 90% by weight of 
titanium dioxide, 1 0 to 20% by weight of vanadium pentoxide, 1 .0 to 3.0% by weight of a compound of phosphorus 
(calculated as oxide) and 0.3 to 2.0% by weight of a compound of at least one metal selected from tungsten, molyb- 
denum, tin, antimony and bismuth (calculated as oxide of selected metal) and showing a specific surface area of 

35 70 to 100 rrf/g on a nonporous inert carrier. 

8. A process for preparing phthaiic anhydride as described in claim 7 wherein said upstream catalyst layer is com- 
posed of two kinds or more of catalyst layers with the amount of said compound of cesium increasing by stages 
toward upstream and the catalyst layer placed most upstream contains 1 .5 to 3.5% by weight of said compound of 

40 cesium (calculated as sulfate) and 0.3 to 1 .8% by weight of said compound of at least one metal selected from bar- 
ium, magnesium, yttrium, lanthanum and cerium (calculated as oxide of selected metal) and shows a specific sur- 
face area of 100 to 140 m 2 /g while the catalyst layer placed most downstream in the upstream layer contains 1.0 
to 2.0% by weight of said compound of cesium (calculated as sulfate) and 0.1 to 1 .6% by weight of said compound 
of at least one metal selected from barium, magnesium, yttrium, lanthanum and cerium (calculated as oxide of 

45 selected metal) and shows a specific surface area of 120 to 160 m 2 /g. 



50 
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